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yangAf A«i Tlelivery 

The present invention relates to microbially encapsulated products, microbial 
encapsulation, and Ihe targeted deUvery and controUed release of actives u^^^ 

microcapsules. 

According to flie US Food and Drug Administration's (FDA's) 
Biophaxmaceutics Classification System (BCS). drug products are classified into four 
groups based on the abUity of a given drag substance to permeate biological membranes 
and its aqueous sotability: Class I drugs are highly permeable, highly soluble; Class D 
dmgs are highly permeable, poorly sotable; Class m drugs are poorly permeable, highly 
soluble; and Class IV drugs are poorly permeable, poorly sotoble CItebiopharmaceutics 
classification system (BCS) guidance. Center for Drug Evaluation and Research. US Food 
and Drug Administration (FDA). 2001, jv^^ fda p ov/cder) . A dmg substemce is 
considered 'highly soluble' when fte higtest dose strength is soluble in 250 ml water over 
a pH range 1 to 7.5, and 'highly permeable' when tile «rtent of absorption in hmnans is 
detennined to be 90% of an administered dose, based on mass balance or related to an 
i„,ravenousrefi«ence dose. Forarapidly dissolving tablet, 85% offl^labeUedamountof 

drug substance must dissolve within 30 minutes. Thus, for rapidly dissolving sohd oral 
dosage forms, thedos^to solubility ratio (D:S) of tiiedrugn«istbe250mloverapHrange 

of 1 to 7.5. Class I drug substances, which possess botii high permeabiUty tiirough 
biological membranes and good solubUity in water, have the preferred physicochemical 
properties. Most new chemical identities are water-insoluble lipophiUc compounds or, m 
oflier words, aassHor Class IV compounds which are traditionally difficult to formulate 

into usable pharmaceutical products. (Cyclodextrin-based Drug Delivery. Loflsson. T., 
and O'Fee. R., 2002, Business Briefing: Phaimatech, pl36-140). 

Considerable researoh and development has been appHed to deUvery of 
activestohumansandeconomically-in^ortantanimals. Actives have been fommlatedm 
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„ ways for a<h^on. y by "^esUc For 

^o^styp. of rnicro.apsu.es. FR2179528.US4001480.EP 0085805. C^B2 62U^^ 
a^EP 0242135 an describemethods/prooessesforaeencapsulatioaofsmaUmolecule^ 
t.iae„.ero.rganisn..Inorderforanactiv..obeBUcrobi^y-caps«.atc4.^^^^ 



Upid soluble i.e. c^aoie oi --r ^ ^ _ 

itistobeeocapsolated. -n.e«pophmci,yofBCSaass Hand IV compounds renders them 

Mea,candida.esforn.crobia.encaps«lation.andmicrobialeacapsulation«n.«^^^^ 
a means by which previously unformulatahle Class D and IV compounds can now be 
fc^nulatedintousablepharmaceuticalproducs. Examples of Class Dcompo^mch^ 
Ketoprofen, Naproxen. Carbamezapene. and Class IV compounds mclude 
Hydrochlorotiiiazide, and Furosemide. 

us 4001480 describes the encapsulation ofactives. which are soluble wifhm 
^ehpidofbo«>naturanyhighlipidcon,en,yeast(40^%byweigbt)andyeas.whered>e 

g„wfl.conditions»=designed,oaccumula.eUpid.e.g.i«»<to<on^S--^.i^^^^^ 

by bacteria naturally occurring within the gut 

BP 0085805 describes the use of grown high Upid content yeast (e.g. 
.,,o^..We.)andlowerlipidcontentyeast(e.g.«c«r™.).^^^^ 

Ipsulate high concentrations of Upophihc actives in these yeas. . mediated ^ 
Kpid.xtendingsubsta«ces,inwbich,heac.iveisdi^lved. Release ftoma.e capsules. 

achieved by physical crashing. 

FR2179528 describesihe treatment ofyeastwithaplasmolyserCasubstance 

which causes c».tra^o„ or shrinking of the microbial cytoplasm by exosmos.s of 
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cytoplasmic fluid), foUowed by infusion of a water-soluble material back into the yeast 
There is no description of how ^e active is released from the cells. 

GB 2162147 describes the encapsulation of products using micro-organisms 
containing less than 10% Upid through the use of defined organic Uquid Upid-extendmg 
substances and with materials which are soluble or micro-dispersible in those substances, 
so that both the lipid-extending substance and the material which is soluble or micro- 
dispersible therein enter and are retained passively within the micro-organism. The 
encapsulated products are released by rupture of the capsules. 

EP 0242135 describes encapsulation in yeast and other micro-organisms with 
a naturaUy low Upid content, for example brewers or bakers yeast with a Upid content of 
less than 10% by weight The encapsulation process involves mixing together a Uquid 
encapsulate, water and yeast with continuous stirring to maintain an emulsion, wherein the 
active difiuses into the cells. In certain examples low molecular weight solvent such as 
edianol, methanol or isopropanol is used which is not retained within the cell. As with 
other patents the release from the capsule is due to physical crushing or from 
biodegradation processes. 

The present inventors have discovered that the release of actives from 
microbial micro-capsules (yeast fungi, bacteria, protozoa, and other unicellular organisms, 
including microbial derived materials which retain the ceU wall structure such as that 
described in EP 0553 1 76) can occur without physical breakage of the ceU waU or chemical 
or biological degradation of the ceU wall. Indeed, actives are released in a burst of activity 
or in a controlled manner when fee external phase in which the micro-capsules are placed 
is a mucous membrane. Since, as has been found by the inventors, UpophiUc actives are 
delivered upon the micro-capsules contacting a mucous membrane and without 
degradation of tiie micro-capsules, deUveiy of the active to a desired part of the body and 
absorption into the blood stream are more efficient processes. An improved efficiency 
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.eansftataloweramauntoffl»activen.«U.«>be^manygh,enfo— onfl^ 
ae«v Ji dixecUy to — e .urface/in^ving into *e "-o^^ 

^aation of «>e active, and ^.entiaUy improving its efficacy. An .n^-cd rate o 
Xtion of an active (e.g. by ,.e »ncc«s .e.bn.es of the ston»ch) ^ ^ 
Lgelg Of «.at active to a desi»d part of the body is a n.o« ^^^^^^J^ 

tbe.nl intestine witbac<«.e<^ent«d»^onin«on.sp^^^ 
waste for that active. 

The™icro^psulesn>aybeemp.oyedinend-nsesasaftee.s.andingprod»c. 
„fonnula.edwi.banexcipient*,ficiKtatedeUve,ytoadesiredspecifict»^et Tbev^ 
Tf difie^nt fonnuUtions „e weB ^o«n to a pe^on sidUed in tbe a. (R«nn.g.ons 
;llceuticai sciences and VS Pbannacopoeia. 1984. Mac. P«bUsbn.g « 
Easton.PA,USA; United States Pbannacopoeia, ISBN: 1889788031). 

According to a first aspect of the present invention, tb«e is provided an 
enca^^tedp^uctcon^^gap^ofn^cro-^...^-^^^^ 
nrioo-orgamsmsandhavingaUpophilic active encapsulatedandpasswely re 
saidn.cr^aps„les.saidUpopbiUcactivenotbeingana.»alconst.taentofsa.dnncro 

organisms, said micro-capsules having: 

(a) an at least substantially intact cell wall; and 

(b) an intact cell membrane; 
^ereinsaidnricro^esarelbnnulaledtotargetdeUveryofsaidnn 

said Upophilic active to a desired at least one nmcous membrane. 
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Tie t^nn -active" as used herdn « meant to include any therapeufc or 
otherwise active agents, i.e. a phannaceutical compound or chenncal. niustrative 
categories and specific examples of actives useful in conjunction with .he present 
i^entioninch»le:anti-viralagen.s.analgesics.anae^etics. anorexics, anti-arttatcs.a^^^^ 
deprcssants.anti^cagents.anti-inflamn«.toryagents.anti-paAinsoBismdr»gs.^^^ 
pruritics, cardiovascular drugs, anti-hypertensives. ACB inhibitors, hormones, 
i^suppre^ives. muscle relaxants, parasympatholytics, parasympathomnnehcs. 
psychostimulants. anti-ti.b«c»losis. agents, anti-tussives. such as dextrometho^han, 
dextromethorphan hydrohromide. noscapine. caAe.apen.ane citiate. and ohlophe^ano, 
hydrochloride; histamine Hl-receptor anugonists. such as chlorphemramme maleate. 
phcnindamine tartrate. pyrihm»nemaleate.doxylamine succinate and phenylto^^^ 
citrate; histamine H2-recep.or antagoni^. such as ranitidine, femotidine. cm.et,dme. 
ni^tidine and roxatidine; decongestants, such as phenylephrine hydrochlonde. 
phenylpropanolaminehydrocMoride,pse»doephednne.hydrochlo,ideephedr^^^ 
Loids,su«l.asoodeinephospha.e,cod«nesulphateandmorphine;nnneral 
^h as potassium chloride and calcium carbonates, magnesium oxide and ofl.er alkah 
^andalkalineearthmetalsalts; laxatives, vitamins; ».tacids; ion exchange «>sms such 
as eholestyramine; anti-cholesterole«ic and anti-Upidic agents such as gemfibrozil; anti- 
arrhythmics such as N-acetyl-procainamide; anti-pyretics such as acetominophen. as^^^ 
nonsteroidicanti- inflammatory (NSAI) substances, andmorep^ticularlyarylcar^ 
deriv^ives such as ibuptofen. k^rofen. flurbiprofen, diclofenac, etodolac and 
naxoprene; NSAI oxicam derivatives such as piroxicam. meloxicam. tenoxrcam. NSAI 
fenamate. indolic. and phenylbutazone derivatives; appetite suppressants s^ch as 
phenylpropanolamine hydrochloride or caffeine; and expectorants such as guarfe«esm. 
Additiomd usefol active medicaments include coronary dilators, cerebral dttetors. 
peripheral vasodilators, anti-infectives. psychotropics, anti-mamcs. stimulants, 
g^intestinal sedatives and bandages, anti-diarrhoeal and anti-constipation preparations^ 

anti-anginal drugs, vasodilators, anti-hypertensive drugs, vasoconstiictors and m^srame 
treatinents, antibiotics. tianquUlisers. anti-psychotics, anti-tomour drugs, anti-coagulants. 
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anti-thron^botic dn^ hypnotics, sedatives. anti-e»ctics. ^^-^^^^' ^ 

^preparations, diuretics. anti.spasmodics,ute™eretoan.^ 
l^Xar»S3.-V»Ucaruss.er^opoie.icaruss.anti-.sthn.tics..^^^ 

: r«c or opiate derivatives (sue. as codei.. 
ethyUnorpbine. noscapine. pholcodine). cough suppressant, oral »«co^<. 
aci.cile.an.hroKo..bron*exine.carb<«isteine.erdos.eine.,^^^^^ 
Z^^^^. Ofl.ere.an^.esofactivesarewentao™toapersons.aned»the,rt 

Tl„ target for deUveryofthenricro-capsoles may beamucous membrane. 

Tt.emucousmembn»>emaybefl»membrane«ningfl.eoraIcavityorbueea. 

cavity tongue. stomach. smaliintestineCduodenurn or jeja„um).la..ein.es^^ 
Iiva^cervix.nose.„aso.pha.ynx.orpuhnonarysys.em(1rachea.,^ 
^j'^mucousmembr^emaybetbemembraneiiningof^^digest.vesys.^ 

of humans, domestic pets, and livestock. 

Ttemucousmembrane may be the lining of the oral cavity.buccalcavity or 
«...„g„e.heretheactiveencapsuia.edinmicro.apsulescanbeforp,^^ 
oralheal«.care.orasanoverthecounter(OTOmedic,ne. 

r«.e mouth enter the bloods«am more rapidly and at a higher — on ,^ 
Ltionalswanowedtablets. Ue muco^ lining of the mouth is HJly vascu^^d 

„ovesthedrugdiree..yin«theheart.d».eria.circnla.on™^^^ 

tteUver. TO deUver to the mouth or tongue, the micro-oapsulesc^tbefornmlated-a 

. ^wder.gel.spray.ortablettotreatforex^ple.ntouthulcers..reuchmou^^^^^ 
Zl^Z. Activesusedfor,hetreatmentofe.g.mou.hu,oersmoudec^^ 
^cyclatc.hdocaine.ceta,.oniumoMoride. Since. thehloodstreamisr^y^^ 

Jg. the hning of the o«l or buccal cavity, delivery of actives . ^ 
„,aticonditio„smaybealsobepossible.S„chac.ivesmaybeformula.edm.hefi>rmof 



• ^■CT/GB2003/004S54 

-7- 

aoot«ssedsu«taWe,achewable,^.et.anaa™. Chewable dosage fonns 
for drug deUvery are well known to Oie phannac«rtical mdnstry. 

Ttemucousmemtaen.aybe1be.nemt»anelin»«1hepl«.^^ 

fl.e encapsulated product can l>e for phannaceutica, use or as an OTC r^cine. 
^c.,.iulesH.yl.f^atedasacon^ressedsweetorbonedswee.^re^^^^^^^ 
.JghLee.w.ere«.en.c.o^psules„.yco„.alnnonanola„d/or»en.hoUoact.^ 
aecongestantTodeliveranactive«>the„aso-p.^gealmen.branes,.henuc^« 

oecongcsi^ A™l<n~acs and/or anaesttietics such 

»iybefonn«latedasapowder.gel,sprayoraerosol.Analges.csand/oran 

a. Udocaine and Ugnocaine »ay be encapsulated and fi»nnUa.ed as a spray to treat 

tonsillitis for example. 

The mucous membrane may be the membrane lining the oesophagus or 
stomach, wheretheactiveencapsuUtedinmicro^escanbeforpharmaceuti^^^^ 

^.caIapplications,orasanOTCmedicine. ^'^"^^'^'-'^^ 
^ a on. or two-part gelatine capsule or other similar material to a.d swallowmg ^d 
p^entprematurereleaseoftheactiveinthemouthoronthesurfeceoftheton^^™ 

Example, proton-pump inhibitors (such as Omeprazole) may be enoap^ated and 
fonnnlated wito a gelatine capsule to treat stomach ulcers. 

T,»„a„»«sm«nbranemay be themembranehninglhesmallAarge intestine 
where the encapsulated active canbe for pbarmaceuticaluse or as anOTC medicine, m 

the small intestine release takes place both mainly due to conti.ct with the m«»»s 
^embranebutthereisabosomee^duetothenaturalemulsification system secreted 

inhile salts which helptoemulsify the triglycerides witinnthemicro^apsulememb^^ 

TodeHverto.hesmaUintestine.ti.micro-capsu.esmaybefo™ulatedwi.han».d^^^ 

entoriccoatingwhichwinhreakdowno«.yinaUcahneconditionse.g.Eudragit(Rohm 
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H.3S). A<p«.coat(FMC). and Kollicoat (BASF). There are many examples of enteric 
coatings assuimnarizedu.US4755387. The use of such enteric coatings aUows drugs 
s„chasFluoxe.ine(Prozac)to.argetd>esmanintes.ine. GarUc.(,*i<* contains the act.ve 
ingredient alacinwhichisknowntohavebeneficial effects on the cardiovascular system 
andcanreducecholesteroftmayl^encapsulatedandformulatedwithanentericcoa^ 
..target deUvery to the small intestine, thereby eliminatingthe powerM odour and taste 
characteristics associated -with o4er garBc prq>arations. 

The mucousn.e«tenemay be the membrane lining the coWrectumwhere 
ftemicro^apsulescanbeforphannace„ticaIuse.orasanOTCmedieine.Be.a.ghK«»ases 
™od»cedby bacteria contained^rthin the gutmaycauserelease of actives priortodehv^ 
to the colon, so specific colon-deBv^y agents would be r«iuir«l. For example, the 
fomiulationmay include lactulose (which is degraded when exposed to the colons mrcro- 
flora), so the drug is released in the colon subsequent to the formation of organic aetds. 
The active may beprevent^dflom degradation/absorption prior to the colonby using an 

outer enteric coating suchasTargitCWestPharmaceuticals). and animrercatiomcpolym^ 

coatingforpassage through thesmanintestineto&ececum. For example, entenc^ated 

peppermint oil microcapsules can be used to treat the symptoms of Irritable Bowel 
Syndrome (IBS). Insl^adofbeingabsorbedinthestomachand upper intestine, the entenc 

coating prevents release of the active until it gets to flte smaU intestine and colon. wh«re 
it relaxes the intestinal muscles. DeKvery of actives to the colon or recmm can also be 
achievedthroughtheuseof micro-capsules fom.ulatedasasuppository.ointment. cream. 

or gel. for example betamethasone valerate. Ugnocaine andphenylphrinemay beusedm 
the treatment of haemorrhoids. 

The mucous membrane may be «ie membrane lining the nose, where the 
encapsulatedproductcanbe for pharmaceutical use or as an arc medicine. For example. 

actives encapsulated in microorganisms can be used for the treamtent of hay fever or as 
adecongestant Actives can be delivered as snuft or as an aerosol -for example, yeast or 
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bact^ia. ^icro^psules containing active can be deUvered to the nose via na.^ 
a:L.asanaiaro,int.oancingpowae..p™.csioa«yacti.^^^ 
Inasopbaryngeal space ofapatient. for exampleinfl^et^atmentomy-fever. 

Themnconsmembranen^ybethemembraneliningli^epnta^nary system 
,.e..a^.racbea.b™ncM.=.dh.gs)wbe.ti.»:.iveencapsuU^i^^ 
L n for e.g. P~.ea, nse. or anti-bacteri. use. ^^^^^^^ 
^ougb .be nse of encapsulated ieukotxiene modifiers sucb ^f^^ 
„ or encapsulated beta agonists sucb as a««..ero,. fonnoteroi. sabne.ro,. and 
^etaproterenoL Pne»nonian«.ybc.reatedwi«.encapsub>tcdantib.ot.cs. 

T^„n«mbranen^bemen«inbrane,iningthevagina/ce^ 
reactive encapsuiatedinrnicro^rganisruscanbeforpbannaceuticai.^^^^^^ 
„«Uoine Tbennc.»^psulescanbefon»ulatedasapessa.y.oream,ombnen»or^and 
used for p^vention »d treatment of tbrusb (e.g. using cio« as a 
e(e.g.using— ol.9,an».ti.innanuna.. 
{e.g. such as benzylalkonium chloride), or as an anti-cancer agent 

Themucousmentanemaybethemembraneliningtbedigestivesystemof 
, hu„u„..dontesticpe.. and Uvestoclc. Where partial release of the active t^^^c^ 
^gb^uttbedigestivesysten.Fore.a.ple.delayed.dcon*oUedre.e.eof^^^^ 

oan 1 Place when the active is pleased throughout the entire "^Sesbv^^^^^ 
Thebiologicalnren*raneintbisinstanceisthetunican»K»sa.wbrcbbnesfl« 

upper gastrointestinal tract, stomach, small intestine and colon. 

Accordingly, ti. micro-capsnles may be formulated as a dry or liquid 
(emu.sionorsuspension)syrup,asache,acbewable.achewinggum.anorodis^^^ 

Lpersiblee«ervescent.adispersibletablet.acom^^-«e^;-^^^^ 
s*lingu,ltablet.achewabletable..amelt-in-th.mouth,alozenge.apaste.apowder.a 
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an aetosoU apessaiy. or an ointment 

Accoxdi„g1oasecondaspectof«>aprcsentinvention«.ere«I^vid^ 

....r.aJo...ca.^-.----— 
oon,prises a pluraUty of ™ic«,-caps«les ibnned ftom a plnraUty 

...^HsU-ga^^stepo^^^^^^^^^^ 

micaro-capsules having; 

(a) anatleastsubstantiaUyintactcellwan,and 

(b) an intact cell membrane, 

„ ^.con^«St^-P^^^^^_^_^^^^^,,,,^.,,^^ 
^p^esJslupop^Uc^^vetoaae^atleastoncMolosical— 

Vario„sn^ofe«caps»lationa«^ow„andU.cl«de«K«^ 
„ pa2179528.US40014SO,BP0085805.GB2162147a«aEP0242135. 

The n«fl>od of encapsulation of a Upid soluble active »ay ufflise 

een.Byinc«asingtheceUnlarUpidcontent(e.g.to40-60^)_g^J-^ 

so.nbleactiven.y.e.U.«d^.hint.eoe«Jl>ea.ve^y^^^^ 

o^.anainc„batedfo.adesi.edpeHodoftnnetoen^^^^-^^^^^ 

enoa^,a.ed....an.n.ybe.a.este. ^--^::nen.Lapsu.e.. 
o^n»ybetrea.edwitl.ap«,.eoly..cen^en.o:^^^^^^ ^^^^^^^^^^ 
Thi8softening.reatnentmayatobeperformedpnortoencapsulat.on 
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active. More effioieat e„caps»lati.^ m.y be attained through heating during fl.e 
encapsulation process, or through the application of physical pressure to the nncro- 
organism/active mixture. 



The microorganism n»y have a natural Upid content rangmg t 
WotogreaterthanSOr,. Altematively, growth media n.y be employed which promote 
ti^storageofUpidwithinthemicrobialceU. thereby increasingti^HpMcontenttov^ 

greater than the natural lipid coatent. 

Priortoencapsulation^aplamolysermaybeemployed. Tins substance causes 
contraction or shrinkingofthe microbial cytoplasmby exostosis of cytoplasmic to^^ 

The microorganism is in grown form, i.e. it has been harvested fix>m its 
^nnemediumafteraperiodofgrowth.anditisintactandnotlysed. Pref^ly^e 
microorganism is aBve at the commencement of the encapsulation proce^s^^^ 
efficient encapsuUtion is usually achieved, however a microorganism wh.ch ^ been 
subjected to conditions such as irradiation (to destroy its abiUty to propaga«,). mrcro 
waving (fer steriUty purposes) or spray drying may also be employed. 

The active shouldbe in Hquidfonnorinasotationduring the encapsulation 

^ 1t.eaotivemaybeaU<,uid(includingoil)initsnormals.ate,orttmay,.a^^ 
rwbichcasei.shouldbedissolved.rmicro^ersedinaso.ventwhrch«hp,d soluble. 

Suitable solvents include: 

primary alcohols wiftin the range C4 to C12. such as nonanol and decanol 
(bigheralcoholscontainingahnearchainofmoreti,antwelvecarbonatomsaretoolarge 

for encapsulation); 

(b) secondary and tertiary alcohols; 

(c) glycols such as diethylene glycol; 
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(d) esters - any ester where the straight carbon chain is greater than 2 and less 
than or equal to 12, e.g ethyl butyrate, triacetin; 

(e) aromatic hydrocarbons sucb as xylene, and acetophenone, 

(f) any aromatic UpophiUc oil with no straight chain branch greater than 12 

caitjons. 

(g) oatboxylio acids between C3 and C12. 

Alternatively a soUd active may be encapsulated e.g. menthol, howev« it 
^^tbelipophiUc to encapsulate successfimyanditshonldbe soluble in one of the above 
solvents or meltbelow 80 »C.P«>longed temperatures above 80 K^wouWdamage the cell 
membranebeyondrepaix. Ideally for theprocess the active shouldbeHqaidbetween40 

and 65 «C since higher ten,»ratures may result in degradation of the active. 

Multiple actives may be co-encapsuUted - e.g. caffeine and 
aspirin/paracetamol fer treatment of a common cold, or influaiza. 

Methanol, ethanol and isopropanol are very low molecular weight volatile 
solvents, which can be used to assist ir. encapsulation but do not actually encapsulate 
ftemselves. Ifused to encapsulate a material the active must be soluble in e.g. ethanol and 
when addedtoe.g.3or4parts water the activemuststaymsoh.tion.'n.e.e must ah^ys 
besomewaterpresentto sweUtheyeast .hereby hydratingthemembrane. or encapsulafon 
willnottakeplace. •me ethanol evaporates during theprocessandihe active, wtachmust 
beatleastpartiaIlysoh*lewithintheyeas,membrane.isenci.p^K«sia^ 
will evaporate during post-encapsulation treatments such as spray drying. 

Several criteria must be considered in order 10 predict whether an active can 
be encapsuUted. Actives having a benzene or naphthalene ring appear to be particularly 
suitable for encapsuUtion. Actives witi. an octanol/water partition coefficient (logP) of 
betweenOS and4.0wiU encapsulate well. Molecular weight must also be considered- 
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actives,««.amolec„lar«««sless1i««1000Daltons«u>geaerallybeencapsula^^ 

any »oleo,Ue—ga^gMohainC12 stretcher greaU^wiUnotencapsu^^^^^ 

Jlamolcculewiftarigid structure si^nlarin length toaC12ohain.Mo,ec^^^ 

grater— ofcarbons thacCUoanbe encapsulated as as thestructure^^^^^ 

renzeneri„gs.e.g.phe„olics,ort«ph.ha.enerings,etc. Molecules (actives) w«h a sn^Ol 

molecular diameter work best Volatile molecules with one to three carbons do not 
encapsulate. e.g. ethane. ethanoUpropanoU whereas molecules containing four or mo« 

earbonatomsgenetallydoencapsulate. The range for encapsulation in terms of straight 
ohaincarbon atoms Uesbe.weenC4.C12. Beyond thesecriteria,a.es»itahiHty of aouves 
for encapsulaaor. may be foundbyasimple trial of the method of the invention. 

■ac encapsulation treatment may be perforu»d at normal ambient 
temp-tures but preferably the temperature is elevated, in order to the 
...^.apsulationtreatmentAsuitableelevatedtem^ ^• 

Tte encapsulattontreatmentpreferably comprisesmfadngthemicro.organi^ 
with the active in a Uqoid med»m. especially an aqueous medium, to attam good 
dispersion and contact of the micro-organism with (be active. 

The encapsulationtreatment may be continued nntil optimum encapsulation 
hasbeenachieved Encapsulation may usually be oteerved microscopically as pne or mote 
globules of flie active contained within the microbial cell, unless the yeast is grownma 

harsh enviromnent (such as high alcohol content), in which case the ceU wall can be 
, flridcmedwhichmakesdirectvisualisationbylightmicmscopymoredifBcult Insuch 

insta„ces,transnrissionelectronmicroscopy Wmayberecpdr^^^ The encapsolahon 
meatmen, may td^aftwhouts before ti»optimmn level of encapsulation is achieved. 
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, . o^o nrvine by evaporation m inert gases or oxygen 

nther air drying processes, urymg oy ^y<^f i„^t,« 

micto-capsule suspension in a dry oven. 

A p^treatment bleaching step n«.y be eanied out prior to encapsulation. 
Porexan^le.fl.c treatment n.y be performed at roo» temperature for up to one 
For example ^ ^^^^^ ^^^^ 

where toe micro-orgamsm is treated win a , „« vrfue of 

eomprising 0.2 M sodium hydro»de/l% w/v hydrogen perox.de. wth a pH 
^9 10 Sodiumsilicatemaybeaddedtomemix.ureasanant..foamagen^^ The 
^jclorganisn.a.gene.nyo«.whiteinco.our.andthecenweUmaybe^^ 
For cxZe, in «.e case of bleached yeast, the cells when dry may abso* 
:Ii::;3t:.we^*.wa..c«nparedto.«a^.east^^^^^^^^ 

.bsorbbetweena-Btimestheirweightinwa^. ^^'---f ^TTI^LT^ 
yeastto absorb water meansd^tencapsulationisnsuallyperformedmag^atcrvoh^ 

ofliqmd,flrereby avoiding problems assodated with increased viscos-ty. 

Prior to. or in some cases during Ihe encapsulation process. 4e mi^ 
o^anismmaybetreatedatanelevatedtemperatureand/orwithanenzymean— 

ehLcal such as sodium hydro^dde or a magnesium salt to impr^e^ « 
e^oapsulatio. Bnzymes such as pepsin, tryp^ chymotrypsm. chitmase. W--e 
rJtodegradethemicrobialcellwa.1. ^odi- hydroxide or magnesmm sal. ^ 
, ;ieabiHrof*emicro.rganisn.mmic..rg3„ismmay«.enbem«edw.*^^ 

X t6 .^encapsola^d and incubated unU. opt^um -P-lation 's ^^^^^ 
l^edbyhghtorelectronmic.scopicanalysisofthemicro^^^^ 
^gn^ay be used to aid dispersion of theyeast and improve the contactbetwcen the 

yeast and active, aiding encapsulation. 
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After enoapsulation of the active a conditioning treatment of the resultng 
^o^^apsnlcs may be perfonned to remove colour, taste and odow of the nnc«,bial 
^c^psules-TOsconditloningtreannentcon^rises incubating tl^emicro-capsu^^ 
adry environment such as anovenorheatchan-beratroomtemperaturefor several we^ 
ormonths.orataneIevatedtemperatureofup.o40"Cforhours/days. 

tothecaseofyeast. the encapsulationprocess results in the accumuMonof 

actives widunaenaturallydoublewanedcap^e. Yeast ceU walls are generally 80-90»/. 
polysaccharide, inciudingpredominantglucans such as iWcan. and also «.e 10^ 
chain carbohydratepolymerehitin which adds rigidity and structural support to the cells. 
P„teins(suchasmannoproteins),lipids aadpolyphospha.es together wi.hmorgan.c.0^ 
^eup.hecenwaUcementingn».rix.Theinnern«mhraneisaWioallipMbdayer.lhe 

yeast ceU wall, unlike many food grade capsules, is in^luble and therefore the n„c«>- 
capsules can be wet and dry processed, men the yeast microcapsules are spray dr.ed a 
fteeflowingpowderisprod»cedmadeupofagglome«.«lparticlesco«prisingmun«o^^ 
yeastcells. Depending cndryingconditionsthe dry particle size canrangebetweenOand 

300 microns. Por large particles a fluidised bed is required. The product can also be 
prepared asacake. suspension, produced by pressing, or rotary drying. Particle stzeora 

mixti^e of particle si»s may be useful to contiol release rates. 

The micro-capsules may be washed after encapsulation to remove residual 
unencapsulated material and isolatedbycentri&ging.fteeze-drying or spray-dry^^ 

The micro-organism is preferably a flmgus. Typical togi are yeasts e.g. 
Sa«*a™»^c.r.«^(brewer^yeastandbate.syeast).S«,.-.^^^ 
yeas.) and Candida um. Yeas*, may be selected ftom .he monom^c order 
£„do™;,c.tote.ThemicroK«ganismmaybeafilamento»s togas, e.g.OTVW 
The spore. myoeUnm and giant ceU forms of filamen*>us togi maybe employed. The 
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nd^rgamsmnmy be anK,ld.eg. ^^^^^.^lyi^e protozoa also may be 

According « a thW aspect of «>e present inventior. there is ^ded a 

• • oHministerine to said patient a medicament 
^ethodof treatment ofapatientcot^pr^aa^--*^^ 

Katura«y.thepatient»aybeia»eedof.rea.mentwi4-dmed.cament 

TUe invention «iU be fuxto apparent ftom the foUov^ description and 
X5 fi^.w^c.s..w.b,™vofe=^pIeo*.forn.o.t^e.eddeUve^^^^ 
Fig., la, b and c iUustrate individual and mean te^ compound plasma 
concentration-time profiles; and . ^. 

Kg. 2 iUnstrales statistical analysis of a comparalivc stndy. 
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pYPP.T?TTVrENITS 

THe following examples detail the production and formnlation of various 
encapsulatedproducts. Additionally, the methods en^>loyed to encapsulate actives axe a^ 

described. 



(0 3% (w/v) each of malt detract and yeast exttact, 0.5»/. bacterial peptone. 2% (w/v) 
gl»»se;2%(w/v)agar).Aloopofyeastwas.raBsferredaseptioattytol0mlMyGPbrofl. 

(^ediaprepared as above but without agar)andincubatedovenught at 30»C.Theteo^ 
^ aseptically transferred io a fennenter containing 5-litres working volume of MYGP 
broth The culture was incubated for 3 days at 30 »C and Are yeast harvested by 
c^rtrifugationusing aMSE Mistral 30001 centri&ge (2000xg). The harvested yeast was 
^withwatertoremove excess mediaand suspended in water toatod solids content 
of33%w/vinajacketed glass vesselatatemperatoreofSS-CTI^ yeast was agitated widr 
top stirringusiugaTeflon paddle (Stuart SdentificSS10),a.appro«matdy 300 rpm-P^ 

melted menthol was added to the mixture half the dry weight of the yeast and the 
mixture stirredcontinuo„slyforafirf.er5hours.TT» yeast cells contun^^ 
thenremoved by centri&gation.wad.edwi1hwann water and dtiedbyspray-dxym^^ 

resulting yeast capsntes contained crystals of menthol, at 33%w/w. 

•n,eme»tholmicroK»psuleswereinco.poratedinatabletusingconventional 
methods known to those in the pharmaceutical industty.whichwhenplaced in the mouth 

released the flavour and odour of menthol on contact with the mucous membrane. More 
mendK,iwas.«leasedas the tablet disp«sedinthemouthbyaeacdonofsaHva,prov.ding 

a prolonged, decongestant effect 
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Example 2. 

Yeast, Saccharomyces cerevisiae (62F) was obtained from William 
Bioenergy as a spray dried powder, tliis yeast was Ught in colom and had Uttle yeast 
flavour due to Ihecbosen culture media, which was based on corn synip. The dr^ 
washed with water to remove excess media components and the resultant yeast, 
approximately 65% of the dry weight of the spray dried powder, was suspended in water 
to afinal solids content of 35% w/v in a jacketed glass vessel, temperature 42 °C. Theyeast 
wasagitatedwithtopstiiring,StuartScientificSS10,withTeflonpaddle,atapp^^ 

300 rpm. Ibuprofen dissolved m triacetin (10% w/v) was added to the mixture to 
approximately halfthe dry weight oftiie washed yeast and the mbrture stirred conto^^ 

for 6 hours. The yeast cells containing triacetin and ibuprofen were then removed by 
centrifugation, washed witii warm water and dried by spray-drying. The resulting yeast 
capsules contained 36% w/w triacetin and 3.7%w/w ibuprofen. 

The resulting powder was placed in a two-part gelatin capsule and could be 
used to dehveribuprofendirecdy to the stomach lining aUowing speedier uptake 

pain relief. 
Example 3. 

CommerciaUy available dry bakers yeast (300 g) iSaccharomyces ceremiae) 
was suspended in one Htre of a 0.2 M solution of sodium hydroxide in water contaming 
40gperUtreofsodiumsihcate. Hydrogen peroxide was added until the concentration 
ieachedl%w/v and the resulting suspension was then gently stirred for one hour at room 
temperatare. Theyeast was then removed by centrifugation, washed witii water to remove 
excess bleaching agent and dried by spray drying. The yeast produced was white to oflf- 
white in colour and in suspension had a creamy texture v^th no discernible yeasty odour. 



The spray-dried material was stored dry at room temperature ready 
encapsulation processes. 



wo 2004/037232 



r/GB2003/0045S4 



-19- 



A portion of the suspension before drying, was adjusted to 20% solids with 
water. The viscosity of the bleached and deodorised yeast was too great to obtain the 
desiredemulsionchaiacteristicsnsingasimilarconcentmtionas&em^^^ T^e 
bleached and deodorised yeast suspension was stirred using a rotary stirrer at 350 rpm for 
4 hours at 44 «C m the presence of loratidine dissolved in teipene oil at a concentration of 
15% w/v, (loratidine/terpene oil mixture was added to approximately 50% of the weight 
of dry yeast). The yeast ceUs containing Loratidine in terpene oil were then removed by 
centrifogation, washed with water and dried by spray-drying. The dry product contained 
approximately 24% terpene oil and 3.3% Loratidine. 

nie powder can be appUed in a measured dose powder appUcator to the nasal 
membranes giving reUef fix)m hay-fever symptoms. 

Example 4, 

Yeast grown in media based on com symp as described in example 2 were 
bleached and deodorised using the procedure described m example 3 and the resulting 
yeast were suspended in watertoapproximately 20% solids. Tea tree oil was addedtothe 

yeast suspension, wMlst stirring nsingarotary stirrer at350 rpm. The mixture w^ 

at eO^C until the concentration of tea tree oil within the yeast did not mcrease. Tlie yeast 
ceUscontahnng tea tree oU were then removed by centrifugation. washed with water and 

dried by spray-drying. The powder containing 45% tea tree oil by weight was then 
formulated into a chewable tablet The yeast micro-capsules within tHe tablet released the 
tea tree oil when in contact with the mucous membranes in the mouth in the presence of 
moisture, (both essential for tea tree oil release), delivering a natiiral antibacterial effect 
in a sustained and prolonged manner. 



Example 5. 

Bleached and deodorised Torula yeast {Candida utilis) was suspended in 
water at approximately 18% solids. Omeprazole dissolved in nonanol to a final 
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concaitration of 8%w/v was added to the yeast suspension, whilst stirring using a rotary 
stirrer at320rpm; the nonanoyomeprazole mixture was added toafinal concentration of 

approximately 40% to that of Ihe dry yeast The mixture was stirred continuously for 8 
horns at 40 "C. After incubation the yeast cells were harvested by centrifugation and 
washedtwice with water. The yeastpeUet was frozen at-20»C and dried byfreeze-dr^ 

for 24-48 hours. Tlie resulting dry cake was milled such that 100% of the particles were 
less than 100 microns in diameter. Upon analysis, the dry capsules were determined to 
contain approximately 26% nonanol and 2% omeprazole. 

The capsules were formulated into a hard gelatine capsule ready to use in ihe 
treatment of gastric ulcers. 

Example 6. 

Bleached and deodorised Kluyveromycesfragilis was suspended in water to 
^proximately 23% soUds. Chloramphenicol dissolved in triacetin to a final concentration 
of 10%w/v was added to the yeast suspension, whilst stirring using a rotary stirrer at 320 
rpm; tiie triacetm/chloramphenicol mixture was added to a final concentration of 
approximately 50% tiiat of the dry yeast. Hie mixture was stirred continuously for 6 hours 
at 50 »C. After incubation tiie yeast cells were harvested by centrifugation and washed 
twice with water. The yeast cell containmg tiacetin at 32% w/w and chloramphenicol at 
3% w/w were diluted to 25% solids and dried by spray drying. 

The chloranq)hemcol micro-capsules were mcorporated m a tablet using 
conventional methods known to those in the pharmaceutical industry, which were tiien 
swallowed releasing their contents onto tiie surface of the digestive tract. 



Example 7. 

Aspergillus oryzae cellular mass obtained from the citric acid mdustry was 
washed with water, then bleached as in exanq)le 3, producing white to off-white mycelial 
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strands with intact cell walls and ceUular membranes. The mass was placed in a 2-litre 
lotaiy shaker at 30% solids and 50% of the wei^t of fungal mycelial of abergemot and 
manukaoilmixture added. The mycelial mass/essential oil mixtn^ 
in a closed vessel for 3 hours at 60«>C. The fungal myceUa containing the essential oil 
mixture were removed by filtration throughawiie mesh, 100 microns. The mycelia were 
resuspended in water ( 1 0 g/2 L water) and paper-like sheets were cast using conventional 
test-paper making equipment. In some cases an additional porous carrier sheet was 
required to ensure easy removal of the wet fungal myceUa from the paper-making grid. 
A portion of the material was re-suspended in water to a final solid concentration of 65%. 
This material was placed in a mould approximately 9 cm in diameter, and a depth of 1 cm 
and frozen at -20 "C overnight; the frozen pad was then dried by freeze-drymg. In both 
formats the essential oil content was 19% manuka oil and 18% bergamot oil by weight. 
The paper like material or pad when placed in the mouth, on or under the gum, released 
the essential oils, producing an antibacterial and anti-inflammatory effect, usefiil in the 
treatment of mouth ulcers and bacterial infection. 

Example 8. 

Bleached and deodorised Saccharomyces cerevisiae were suspended in water 
to approximately 20% solids and Ketoprofen (20%w/v) dissolved in menlhone (at 55 °C) 
added to a final concentration equal to 50% the weight of the dry yeast. The mixture 
stirred at 65 for 1 hour at which point the yeast cells containing encapsulated 
ketoprofen m menlhone were harvested by centrifiigation. 



was 

was 



The ketoprofen micro-capsules were incorporated in a tablet using 
conventional methods known to those in the pharmaceutical industry, and the tablets when 
swaUowed released their contents onto the surfece of the digestive tract 
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Example 9. 

Saccharomyces ceresnsiae (62F) ceU (obtained from William Bioenergy) were 
pre-processed by washing with water to remove, excess media and yeast extract 
components such as simple and complex carbohydrates (single and multi glucose units), 
glycerol, acetic and lactic acid (the fermentation media), herein defined as defined as non- 
yeast The processed yeast (300 kg dry powder) was mixed with 700 L watsr in a 1,500L 
stainless steel jacketed, roundbottom vessel. The mixing could take a number of forms 
as follows: 

The yeast were added over a 20 mmute period while the tank was agitated 
with a high shear Silverson mixer. Homogenous dispersion took approximately 25 



Alternatively the yeast and water were added and dispersed in the tank using 
a vortex dispersion (wetting system) placed over the tank. The mixture was then agitated 
using a slow paddle stirrer or a marine prop mixer (Lightnin). Homogenous dispersion 
took 10 minutes and agitation was continued until the separation stage. 

In another alternative mixing regime, tJie yeast and water were added to the 
tank and dispersed by adding &e yeast to the water, then punq)ing the material in a closed 
retum system through an in-line mixer. Homogenous dispersion took 20 minutes and 
agitation was continued until the separation stage. 

Once a homogenous dispersion was achieved the mixture was continually 
agitated at 40 "C for 30 minutes. The use of hot water at 60-80 washed out 40% of the 
non-yeast ftaction in the first wash. Once the material had been washed for 30 minutes it 
was passed through a Westfalia 300 decanter at 10 L/min. After washing, 90kg (non- 
yeast) of the 300kg yeast powder was removed, leaving 210 kg of yeast ceUs. For 
encapsulation the yeast was passed through the separator and into the encq)sulation vessel 
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The concentration of the yeast at this stage could be as high as 65% solids. Water was 
added to the enc^sulation vessel to dilute the yeast to approximately 30% solids. 

As an alternative to encapsulation at this stage, further washing processes can 
5 take place. Repeating the washing process removed a-further 8% non-yeast and for a 
second time a further 5% was removed. Care was taken to avoid excess washing which 
can damage the yeast causing the cells to agglomerate, making downstream processing 
very difficult To the 30% solids yeast suspension containing 210 kg of yeast cells, 100 
kg of an equal mixture of manuka oil, tea tree oil and lemon grass oil was added and 
10 incubated with stirring at 45 ''C for 2 hours. The cells were concentrated using the 
Westfalia decanter to a solid content of 42-45% and dried by spray drying. To help 
recover more encapsulated product a Westfalia SAl (self cleaning centrifuge) was used. 
In this case a further 10% encapsulated essential oil mixture was recovered. 

15 The standard product manu&ctured was a powder with a 30 micron particle 

diameter, (90% of the particles fell within this range). Alternatively a two fluid nozzle was 
used to dry the product giving particles evenly distributed in the range of 30 - 90 microns. 
In another format more pressure was used to spin the atomiser faster, (35,000 ipm) in this 
case the particle size of the encapsulated essential oil mixture was reduced to 20 microns. 

20 The yeast capsules contained approximately, 12% manuka oil, 10% tea tree oil and 13% 
lemon grass oil by weight 

A portion of the yeast encapsulated essential oil when spray dried was blown 
through a secondary cyclone to cool the product before it was packaged. This reduced any 
25 'yeasty" or "mustj^' odours that can become associated with the product 

A further portion was conditioned by blowing across a bed of cool dry air and 
collecting the product in a cooled cyclone. The addition of an inert gas, such as nitrogen. 
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into the head space of the packaged final material also cnt down on any unwanted 
spoilage/odours. 

As an alternative aportion of the encapsulated slurry was ftrflier processed 
bete drying. As the essential oil »ters fee yeast cell, further yeast extract was produced 

and to ensure that no essential ott residue remained on the suifece of the yeast cells flie 
yeast capsules were washed counter currently, using 2 separators, (for ultrapure san^les 
up to 5 separators were used) fed by in-line nuxers. The wash water is reused in each of 
fliewashmgstepsandconcentratesaewashmgs. Tbe yeast was pmnped to a second tank 
where the yeast was diluted by 50% using mains water. Tie yeast sluny was 4en agitated 
using a slow paddle mixer before being pumped mto an NA7 Westfalia separator at 7 
L/min (fte feed was passed flmm^ an in-line brush strainer to remove any large particles 
that may have blocked the nozdes m fee centrifuges). The feed to the first NA7 was at 
approximately 15% soUds and left first separator at 20% soUds where it was fed into 
a second separator (the separators were rmming on 4 x 0.5 mm nozzles). The second 
sg«rator was fed via an inline mixer, which dUuted and washed the yeast to 1 5% sohds. 
This was in turn concentrated using the decanter centrifiige to 42-45% solids and spray 
dried or was concentrated firfherto sCTroximately 62% soHds and processed as a cake. 



A portion of the concentrated yeast containing encapsulated essaitial oU was 
dried over a ftoidised bed producing agglomerates of yeast capsules in fee range 300-500 
microns. 

In a product which had been packaged without any pre or post treatment to 
reduce *yeast' odour' after 3 months in dark and cool conditions the ''yeasty" notes had 
disappeared; this process was facUitated by rotating flie package on a weekly basis. The 
micro-capsules were used in anti-bacterial and anti-fungal appHcations. 



• ^VCT/GB2003/004S54 



Tricor (RTM fenofibrate) capsules (obtamable ftom Abbott Laboratories) w«e 
compared for Woavailability with fenofibrate encapsulated ^ Williams yeast 
(Sacdiaromyces cerevisiae (William's yeast, available ftom Aventine Renewable 
Biergy Co. Inc.) in accordance with the present invention. 
Formulation 1: Fenofibrate control (Tricor capsules, marketed 
mioronized fenofibrate ftom Abbott Laboratories in 
67 and 200 ms ctq?sules) 
Formulation 2: Micap 2 (135 mg per g Williams yeast). Lot P0207 
Formulation 3: Micap 3 (180 mg per g Medical yeast), Lot P0204 

Dosage preparation for the Micap 2 formulation (135mg per g) was prepared by 
„^™thwatertoafinalconcenWfionof30mgfenofibrate/mL. Forexampleto 
60 mLs of final fommlafion(Micap2inwater).weightl3.3gofMo^ 2(135 

mg fe^ofibrate/g J>fic^ 2) and q.s. to 60mL wifli water. The suspension was dosed 
atlmL/l^ofanimalbodyweight (30mg*g). The test system used comprised a dog 
model, using apurebred Beagle since this is a universaUy used model forevlualing 
toxicity of various classes of chemicals. 

Dosage preparation for Micap 3 (180 mgper g) was done by mixing with water to a 
final concentration of30mgfenofibiate/mL. For example to prepare 60 mLsof final 

formulation (Micap 3 in water), 10 g of Micap 3 was weighed (180 mg fenofibrate/ 
g Micap 3) and q.s to mL with water. The suspension was dosed at 1 mL/kg (30 
mg/kg). 
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Tl,e test axmr^ .A.^^ at least 5 months Of age and v^ig^^ 
12.0 Kg. 

NUMBER OF ANIMALS 



FenofibratB capsules CWcor) 30 Na"* 2 



2 



2 Micap2 30 1" 5 5 

3 Micap3 30 1" 5 5 

' PK samples were coUected from each animal. Samples were be coUected predose 
and at 0.5, 1, 2, 3, 4, 6, 8 and 24 hours after dosmg. 

^ Estimated number of 200 mg and 67 mg capsules needed to achieve 30mg/kg. 
" Based on 30 mg/mL fenofibrate in Micap suspension. 



Tte route of administration for groxq) 1 was orally via capsules while for group 2 and 
Badministrationwasviatheduodenumusinganendoscope. The animals m group 2 
and3 wereanaesthetized with TelazolSmgAcglM, or less. Isoflurane via a vaporizer 
delivered in O, with a nose cone was used as needed. An endotracheal tube was 
placedand general anesthesiamainfainedwithlsoflutaneinO, A flexible endoscope 
^ passed down the esophagus through the stomach into the duodenum. A catheter 
vs^subsequentlypasseddowntheworldngchannelandlhetestarticledeUv^^^ Th^ 
catheter was then flushed with 3ml of a tap water rinse and endoscope and catheter 
withdrawn. THe endotracheal tube was removed when the animal regained its 
swallowing reflex and the animal was monitored for normal recovery 



wo 2004/037232 



r/GB2003/004S54 



27 

It wiU be appreciated that tbe oral route is an accurate means of deUvering the test 
article to provide a pharmacokinetic assessment of Hie marketed fenofihmte. Tricor 
(RTM). Duodenal deUvery for the Micap formulation was necessary to avoid 
breakdown in the stomach. 

The test compositions were administered once, on Day 1 at a dosage of 30mg per Kg 
of body weight of test animal, 
rnmpnsition Administration 

For all three groups the test animals were fasted for at least 18 hours prior to test 
composition administration. 
Pharmacokinetic Samples 

Blood samples will be collected (approximately 2mL whole blood) via the jugular 
vein or other appropriate vessel. Samples wiU be placed in tubes containing EDTA 
and stored on an ice block until centrifuged. Plasma was separated and frozen at 
approximately -70°C within 60 minutes of collection. The samples were flien 
analysed for serum concentrations of the test composition. 

Subsequently, quantitative determination of fenofibric acid in dog plasma with EDTA 
was carried out. A calibration curve in dog plasma spiked with fenofibric acid was 
prepared so that a linear range of detection of O.lOOMg/mL to 10.0 /.g/mL was 
achieved. The assay utilized a protien precipitation with methanol. FoUov«ng 
vortexing and centrifiiging, the supematent was removed and directly injected onto 
theHPLC 

Chromatographic Conditions 
Instrument 
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ControUer: Waters MiUienniW^ Daia CoUeciton 

Software (ver.4.0) 
Pump: Waters 2695 HPLC pinnp 

Automsampler: Waters 3695 Autosampler 
Detector: XJV at 287 nm 

Column: Phenomenex luna 0-18, 250mm x 4.6imn, 

5Atm 

Guard Column: None 
Column Temp: Ambient 

Mobile Phase: 55:45 ACN:0.2% Phosphoric acid solution (v/v) 

Flow Rate: 1 .2 mL per minute 

Injection Volume: 20 fjL 

Operation: The chromatography system was equilibrated with mobile phase for 
approximately 60 minutes. 

Peak Parameters: Approximate Fenofibric acid Retention Time: - 11. 5 min. 



Reagents 

Acetonitrile (ACN) 
Deionized (DI) Water 

Menfhanol 
Phosphoric Acid 



HPLC Grade 

KAR Laboratories, Inc. Reverse 
Osmosis System 
HPLC Grade 
HPLC Grade 
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Sample Preparation 

1 . 1 00 /zL of sample was pipetted into a 2.0 mL microcentrifuge tube. 

2. 20 juL of methanol was added. 

3. Hand shake briefly. 

4. 500 AiL of precipitation solution (methanol) was added and the sample 
vortexed for ~ 20 minutes 

5 . Centrifuge at - 1 4,000 rpm for ~ minutes 

6. The supernatant was transfered directly to an HPLC vial. 

Waters HPLC instrument software was used to directly back-calculate concentrations 
fiom peak heights based on a eight point linear curve with l/concentration weighing 
wiiere Y = mX + b (Y= peak height, m = slope, X = concentration and b = intercept). 
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Dosing 

Nom. 

Capsules SuspeDsion Cone. Dose 



Animal 



No. 


Group 




Treatment 


(mg) 


(mL) 


(mg/mL) 


(mg/kg) 


101 


1 


9.00 


Tricor 


267 






29.7 


1Q2 


1 


10.25 


Trioor 


333 






32.5 


103 


2 


10.85 


William's Yeast 




10.9 


30 


30.1 


104 


2 


10.70 


William's Yeast 




10.7 


30 


30.0 


105 


2 


10.30 


William's Yeast 




10.3 


30 


30.0 


106 


2 


9.55 


William's Yeast 




9.6 


30 


30.2 


107 


2 


9.40 


William's Yeast 




9.4 


30 


30.0 


108 


3 


8.95 


Medical Yeast 




9 


30 


30.2 


109 


3 


10.15 


Medical Yeast 




10.2 


30 


30.1 


110 


3 


10.05 


Medical Yeast 




10.1 


30 


30.1 


111 


3 


10.50 


Medical Yeast 




10.5 


30 


30.0 


112 


3 


11.00 


Medical Yeast 




11 


30 


30.0 



WiUiam's Yeast = 135 mg fenofibrate/g (poicap 2) mixed with water to yield 30 mg/mL 
Medical Yeast = 180 mg fenofibrate/g (Micap 3) mixed witii water to yield 30 mg/mL 



Individual and mean plasma concentrations of fenofibric acid are listed hereinabove. 
Individual and mean foiofibric add plasma concentration-time profiles are presented 
by treatment group in Fig. 1 a,b and c. 



Results from pharmacokinetic analysis are presented in the following table. 
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Individual and mean plasma concentrations of fenofibric acid 

Non-GLP Analysis of FenoMbrto Astd In Dog Plaana 

Colteetion Dates: 04n3A>3 & 04iQ4/03 KAR ID: 031737 

UnHseugAnL Gender = Ma!e Daysi 

TRICOR 



Animal N° 


OHour 


O^Hour 


1 Hour 


2HoiJr 


3 Hour 


4 Hour 


6 Hour 


8hour 


24 Hour 


101 


<0 100 


2J9li 

ojsez 


3.01 


4M 


3.73 


2.37 


1.58 


1.37 


0.156 


102 


<o!ioo 


1.96 


1.21 


0.608 


0.433 


0.400 


0.310 


<0.100 




OHour 


O^Hour 


IHour 


2 Hour 


Micap2 

3 Hour 


4 Hour 


OHour 


Shour 


24 Hour 


103 
104 


<aioo 


2.04 


4.11 


2J33 


1.56 


0.908 


0.663 


0.761 


0.207 


<0.1Q0 


0.759 


0.938 


2.51 


2.37 


1.70 


1.07 


0.872 


0.181 


105 


O.lOO 


1.30 


0.965 


0.733 


0.568 


0.442 


0.316 


0.336 
1.10 


0368 


106 


<0.100 


1.S8 


2.25 


3.30 


3.03 


2.19 


1.26 


2.53 


107 
Mean 


<0.100 


0.302 


0.603 


1.17 


0.505 


0.572 


0.392 


0.319 


O.100 


<0.100 


1.1962 


1.7732 


2.0086 


1.6066 


1.162 


0.7402 


0.6776 


0.8685 












Micap 3 












OHour 


0.5 Hour 


IHour 


2 Hour 


3 Hour 


4 Hour 


OHour 


Shour 


24 Hour 


108 
109 


<0.100 


3.46 


0.653 


1.10 


0.608 


0.390 


0.244 


0282 


<0.100 


<0.100 


1.28 


1.08 


0.665 


0.489 


0.500 


0.291 


a346 


<0.100 


110 


<aioo 


1.45 


1.29 


1.06 


1.27 


0.948 


0.867 


0.623 


• 0.138 


111 


<0.100 


0.635 


1.11 


0.682 


0.873 


0.619 


0.517 


0.318 


0.167 


112 
Mean 


<0.100 


1.65 


3.39 


2.21 


1.71 


1.09 


0.753 


0.541 


0.154 


<0.100 


1.695 


1.S046 


1.1434 


0.99 


0.7094 


0.5344 


0.418 


0.153 
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Pharmacokinetic Analysis 

Results from PK analysis are paresented in tiie following table. 





Formulation 


Tmax 
(h) 


Cmax 
(ug/mL) 


(h*ug/mL) 


— — r 
(1/h) 


— ym 

(h) 

— s?ra — 


102 


Tricor 
Tricor 


1 


4.44 
1.96 


28.6 
5.26 


0.118 


5.87 


N 

Mean 
SD 




1.5 


3.2 
1.75 


- i 

16.9 
16.5 


0.126 
0.011 


5.53 
0.481 


103 
104 
105 
106 
107 


Micap2 
Mlcap2 
IMicap2 
Micap2 
Micap2 


1 
2 

0.5 
2 
2 


4.11 
2.51 
1.3 
3.3 
1.17 


-1^.-1 
18.2 
11.4 
43.1 
4.18 


0.072-1 
0.105 
n.d 
n.d 
0.146 


9.62 
6.58 
n.d 
n.d 
4.75 


N 

Mean 

SD 

Min 

Median 

Max 

CV(%) 




g. 

0.5 
2 
2 


■■ 5 
2.48 
1.27 
1.17 
2.51 
4.11 
51.2 


■- 5 - 

19.0 
14.7 
4.18 
18.1 
43.1 
77.2 


- 3 
0.108 

0.0721 
0.105 
0.146 
34.3 


■i 

6.98 
2.46 
4!75 
6.58 
9.62 
35.2 


108 
109 
110. 
111 

112 


MicapS 
Micap3 
Micap3 
MicapS 
Micap3 


0.5 
0.5 
0.5 

1 

1 


i.46 

1.28 
1.45 
1.11 
3.39 


- ■ 6.oi 

4.24 
12.9 
8.69 
15.8 


0.184 
0.0979 
0.0606 
0.0845 


3.77 
7.08 
11.4 
8.21 


N 

Mean 

SD 

Min 

Median 

Max 

CV(%) 




■ 5 

0.5 
0.5 
1 


5 
2.14 
1.18 
1.11 
1.45 
3.46 
55.2 


■ ■ t 
9.33 
4.99 
4.24 
8.69 
16.8 
53.5 


0.132 
0.0732 
0.0606 
0.098 
0.233 
55.5 


6.69 
3.43 
2.97 
7.08 
11.4 
51.4 



Median is calculated for Tricor Tmax. 
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CLAMS 

1 . An encapsulated product comprising a plurality of micro-capsules formed 
from a pluraUty of micro-organisms and having a Upophilic active encapsulated and 

5 passively retained within said micro-capsules, said UpophiKc active not being a natural 
constituent of said micro-organisms, said micro-capsules having: 

(a) an at least substantially intact cell wall; and 

(b) an intact cell membrane; 

wherein said micro-capsules are formulated to target deUvery of said micro-capsules and 
10 said lipophilic active to a desired at least one mucous membrane. 

2. An encapsulated product according to claim 1 , wherein said micro-capsules 
are formulated as one of the group consisting of: syrup, sachet, chewable, chewing gum, 
orodispersible, dispersible effervescent, dispersible tablet, compressed buccal tablet, 

15 compressed sublingual tablet, chewable tablet, melt-in-the-mouth, lozenge, paste, 
suspension, powder, gel, tablet, compressed sweet, boiled sweet, cream, suppository, snuff, 
spray, aerosol, pessary, and ointment. 

3. An encapsulated product according to claim 1 , wherein said micro-capsules 
20 are formulated within a one- or two-part gelatin capsule or an enteric coating. 

4. A method of manufacture of an encapsulated product, wherein said 
encapsulated product comprises a plurality of micro-capsules formed from a plurality of 
micro-organisms, comprising the step of: 

25 (i) contacting said micro-organisms with a lipophilic active to encapsulate 

said lipophilic active within said micro-organisms; 

said lipophilic active being encapsulated and passively retained within said micro-capsules, 
said lipophilic active not bemg a natural constituent of said micro-organism, said 
micro-capsules having: 
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(a) an at least substantially intact cell wall; and 

(b) an intact ceU membrane, 
further comprising the step of: 

(ii) formulating said micro-capsules to target deUvery of said micro- 
capsules and said lipophilic active to a desired at least one biological membrane. 

5. A method of manufacture of an encapsulated product according to claim 4, 
additionally comprising prior to said encapsulation step, an at least one treatment step 
selected from the group consisting of: contacting said micro-organism with an alkaline 
bleach solution, incubating said micro-organism between 45-60 degrees C, and contacting 
said micro-organism with a proteolytic enzyme. 

6. Amethod of manufacture of an encapsulated product according to either one 
of claims 4 and 5, additionaHy comprising after said encapsulation step or said additional 
treatment step, a conditioning step, wherein said micro-capsules are mcubated m a dry 
environment between 15-50 degrees C. 

7. A method of manufacture of an encapsulated product according to any one 
of claims 4-6, wherein said encapsulation step comprises contacting said micro-organism 
with alipophilic active in Uquid form, said lipophilic active being capable of difiusing into 
said ceU wall of said micro-organism without causing total lysation thereof, the treatment 
being carried out in the absence of a lipid extending substance as a solvent or micro- 
dispersant for the active and in the absence of a plasmolyser, whereby the active is 
absorbed by tihe micro-organism by diffusion across said ceU wall and is retained passively 
within said micro-organism, 

8. An encapsulated product according to any one of claims 1-3 or a method of 

manufacture of an encapsulated product according to any one of claims 4-7 wherein said 
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micro-orgamsm is selected from the group consisting of: fungus, bacterium, alga and 
protozoa. 

9, An encapsulated product or a method of manufacture of an encapsulated 
5 product according to claim 8 wherein said micro-organism is a yeast selected from the 

taxonomic order Endomycetales. 

1 0. A method of treatment of a patient comprising administering to said patient 
a medicament comprising the product of any one of claims 1-3, 8 or 9. 
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